Fermi/LAT discovery of gamma-ray emission from the flat-spectrum radio
  quasar PKS 1454-354 by Collaboration, The Fermi/LAT et al.
ar
X
iv
:0
90
3.
17
13
v1
  [
as
tro
-p
h.H
E]
  1
0 M
ar 
20
09
Draft version November 17, 2018
Preprint typeset using LATEX style emulateapj v. 04/20/08
FERMI /LAT DISCOVERY OF GAMMA-RAY EMISSION
FROM THE FLAT-SPECTRUM RADIO QUASAR PKS 1454-354
A. A. Abdo1,2, M. Ackermann3, W. B. Atwood4, M. Axelsson5,6, L. Baldini7, J. Ballet8, G. Barbiellini9,10,
D. Bastieri11,12, B. M. Baughman13, K. Bechtol3, R. Bellazzini7, B. Berenji3, R. D. Blandford3, E. D. Bloom3,
G. Bogaert14, E. Bonamente15,16, A. W. Borgland3, J. Bregeon7, A. Brez7, M. Brigida17,18, P. Bruel14,
T. H. Burnett19, G. A. Caliandro17,18, R. A. Cameron3, P. A. Caraveo20, J. M. Casandjian8, E. Cavazzuti21,
C. Cecchi15,16, E. Charles3, A. Chekhtman22,2, C. C. Cheung23, J. Chiang3, S. Ciprini15,16, R. Claus3,
J. Cohen-Tanugi24, S. Colafrancesco21, J. Conrad5,25,26, L. Costamante3, S. Cutini21, C. D. Dermer2,
A. de Angelis27, F. de Palma17,18, S. W. Digel3, E. do Couto e Silva3, P. S. Drell3, R. Dubois3, D. Dumora28,29,
Y. Edmonds3, C. Farnier24, C. Favuzzi17,18, E. C. Ferrara23, P. Fleury14, W. B. Focke3, L. Foschini30,*,
M. Frailis27, L. Fuhrmann31, Y. Fukazawa32, S. Funk3, P. Fusco17,18, F. Gargano18, D. Gasparrini21,
N. Gehrels23,33, S. Germani15,16, B. Giebels14, N. Giglietto17,18, F. Giordano17,18, M. Giroletti34, T. Glanzman3,
G. Godfrey3, I. A. Grenier8, M.-H. Grondin28,29, J. E. Grove2, L. Guillemot28,29, S. Guiriec24, A. K. Harding23,
R. C. Hartman23, M. Hayashida3, E. Hays23, S. E. Healey3, R. E. Hughes13, G. Jo´hannesson3, A. S. Johnson3,
R. P. Johnson4, W. N. Johnson2, M. Kadler35,36,37,38, T. Kamae3, H. Katagiri32, J. Kataoka39, N. Kawai40,41,
M. Kerr19, J. Kno¨dlseder42, M. L. Kocian3, F. Kuehn13, M. Kuss7, L. Latronico7, S.-H. Lee3,
M. Lemoine-Goumard28,29, F. Longo9,10, F. Loparco17,18, B. Lott28,29, M. N. Lovellette2, P. Lubrano15,16,
G. M. Madejski3, A. Makeev22,2, M. Marelli20, M. N. Mazziotta18, J. E. McEnery23, S. McGlynn5,25,
C. Meurer5,26, P. F. Michelson3, W. Mitthumsiri3, T. Mizuno32, A. A. Moiseev36, C. Monte17,18, M. E. Monzani3,
A. Morselli43, I. V. Moskalenko3, S. Murgia3, P. L. Nolan3, E. Nuss24, M. Ohno44, T. Ohsugi32, R. Ojha45,
N. Omodei7, E. Orlando46, J. F. Ormes47, D. Paneque3, J. H. Panetta3, D. Parent28,29, M. Pepe15,16,
M. Pesce-Rollins7, F. Piron24, T. A. Porter4, S. Raino`17,18, R. Rando11,12, M. Razzano7, A. Reimer3, O. Reimer3,
T. Reposeur28,29, L. C. Reyes48, S. Ritz23,33, L. S. Rochester3, A. Y. Rodriguez49, R. W. Romani3, M. Roth19,
F. Ryde5,25, H. F.-W. Sadrozinski4, R. Sambruna23, D. Sanchez14, A. Sander13, P. M. Saz Parkinson4, C. Sgro`7,
M. S. Shaw3, E. J. Siskind50, D. A. Smith28,29, P. D. Smith13, G. Spandre7, P. Spinelli17,18, J.-L. Starck8,
M. S. Strickman2, D. J. Suson51, H. Tajima3, H. Takahashi32, T. Tanaka3, J. B. Thayer3, J. G. Thayer3,
D. J. Thompson23, L. Tibaldo11,12, O. Tibolla52, D. F. Torres53,49, G. Tosti15,16, A. Tramacere54,3, T. L. Usher3,
N. Vilchez42, V. Vitale43,55, A. P. Waite3, P. Wang3, B. L. Winer13, K. S. Wood2, T. Ylinen56,5,25, M. Ziegler4,
and
P. G. Edwards57,
and
M. M. Chester58, D. N. Burrows58,
and
M. Hauser59, S. Wagner59
Draft version November 17, 2018
ABSTRACT
We report the discovery by the Large Area Telescope (LAT) onboard the Fermi Gamma-ray Space
Telescope of high-energy γ−ray (GeV) emission from the flat-spectrum radio quasar PKS 1454-354
(z = 1.424). On 4 September 2008 the source rose to a peak flux of (3.5±0.7)×10−6 ph cm−2 s−1 (E >
100 MeV) on a time scale of hours and then slowly dropped over the following two days. No significant
spectral changes occurred during the flare. Fermi/LAT observations also showed that PKS 1454-354 is
the most probable counterpart of the unidentified EGRET source 3EG J1500−3509. Multiwavelength
measurements performed during the following days (7 September with Swift ; 6−7 September with the
ground-based optical telescope ATOM ; 13 September with the Australia Telescope Compact Array)
resulted in radio, optical, UV and X-ray fluxes greater than archival data, confirming the activity of
PKS 1454-354.
Subject headings: quasars: individual (PKS 1454-354) – galaxies: active – gamma rays: observations
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1. INTRODUCTION
PKS 1454-354 was discovered in the Molonglo Radio
Telescope Survey at 408 MHz (Large et al. 1981) and
later identified as a flat-spectrum radio quasar at z =
1.424 (Jackson et al. 2002, Hook et al. 2003). VLBA
observations at 2.3 and 8.4 GHz showed a compact core
with a weak one-sided jet (Petrov et al. 2005).
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Interest in this source was generated by the detection
by EGRET onboard the Compton Gamma-Ray Observa-
tory (CGRO) of the unidentified source 3EG J1500-3509
(Hartman et al. 1999). Mattox et al. (2001) tentatively
indicated PKS 1454-354 as the only possibile association
with the EGRET unidentified source, but the association
probability was very low (0.027). However, they noted
that the EGRET probability contours were not closed
on the eastern side and they suggested that this could
be due to a contaminating source. The same possibility
was proposed by Tornikoski et al. (2002) on the ba-
sis of millimeter observations, while Sowards-Emmerd et
al. (2004) suggested that PKS 1454-354 could be one of
the two likely counterparts of the unidentified EGRET
source (the other is PMN J1505-3432).
The answer to this conundrum comes from the Fermi
satellite and is presented here. The wide field of view
(∼ 2.4 sr) of the Large Area Telescope (LAT, Atwood
et al. 2008) coupled with its high sensitivity (more than
an order of magnitude better than EGRET) and spa-
tial resolution (of the order of a few tens of arcmin-
utes for E > 1 GeV), make it possible to monitor the
whole sky every two orbits (∼ 3 hours). During these
scans, on 4 September 2008, a strong γ−ray flare was
observed from the direction of PKS 1454-354 (Marelli
2008). Such alert triggered follow-up observations with
Swift (Gehrels et al. 2004), performed on 7 September,
with the Australia Telescope Compact Array (ATCA),
done on 13 September and with the Automated Telescope
for Optical Monitoring (ATOM ), which started the ob-
servations on September 6.
Here we report on the analysis of Fermi/LAT, Swift,
ATCA and ATOM data collected during the period of
γ−ray activity and follow-up observations (Sect. 2), to-
gether with a comparison with archival data and a pre-
liminary interpretation of the results (Sect. 3).
2. DATA ANALYSIS
2.1. Fermi/LAT
The Large Area Telescope (LAT) onboard the Fermi
satellite detects photons with energy from 20 MeV to
47 Department of Physics and Astronomy, University of Denver,
Denver, CO 80208
48 Kavli Institute for Cosmological Physics, University of
Chicago, Chicago, IL 60637
49 Institut de Ciencies de l’Espai (IEEC-CSIC), Campus UAB,
08193 Barcelona, Spain
50 NYCB Real-Time Computing Inc., Lattingtown, NY 11560-
1025
51 Department of Chemistry and Physics, Purdue University
Calumet, Hammond, IN 46323-2094
52 Max-Planck-Institut fu¨r Kernphysik, D-69029 Heidelberg,
Germany
53 Institucio´ Catalana de Recerca i Estudis Avanc¸ats (ICREA),
Barcelona, Spain
54 Consorzio Interuniversitario per la Fisica Spaziale (CIFS),
I-10133 Torino, Italy
55 Dipartimento di Fisica, Universita` di Roma “Tor Vergata”,
I-00133 Roma, Italy
56 School of Pure and Applied Natural Sciences, University of
Kalmar, SE-391 82 Kalmar, Sweden
57 CSIRO ATNF, Paul Wild Observatory, Narrabri NSW 2390,
Australia
58 Department of Astronomy and Astrophysics, Pennsylvania
State University, University Park, PA 16802
59 Landessternwarte, Universita¨t Heidelberg, Ko¨nigstuhl, D
69117 Heidelberg, Germany
Discovery of gamma-ray emission from PKS 1454-354 3
0 1 2 3 4 5 6
235.000 230.000 225.000 220.000 215.000
-30.000
-35.000
-40.000
Right ascension
D
ec
lin
at
io
n
3EG J1500-3509
PKS 1454-354
PMN J1505-3432
Fig. 1.— Fermi/LAT counts map (0.2 − 300 GeV) of the re-
gion centered on PKS 1454-354 (indicated with a white cross) as
observed on September 4, 2008. The 95% and 99% probability
contours of 3EG J1500-3509 are superimposed. PMN J1505-3432,
the other possible counterpart suggested by Sowards-Emmerd et
al. (2004), is indicated with a black cross. Epoch of coordinates is
J2000.
> 300 GeV through the conversion to electron-positron
pairs in a silicon tracker (Atwood et al. 2008).
The data have been analyzed using Science Tools v
9.7, a software package dedicated to the Fermi/LAT
data analysis61. Events that have the highest probabil-
ity of being photons, labeled “diffuse” in the Science
Tools, coming from zenith angles < 105◦ (to avoid
Earth’s albedo) were selected. The diffuse emission
from the Milky Way has been subtracted by using spe-
cific maps based on the GALPROP model (Strong et
al. 2004a,b), while the extragalactic diffuse emission
and residual instrumental backgrounds were modeled to-
gether as an isotropic component with power-law spectral
shape.
Photons were extracted from a region with a 10◦ ra-
dius centered on the coordinates of the radio position of
PKS 1454-354 (α = 224◦.36 and δ = −35◦.65, J2000)
and analyzed with an unbinned likelihood (Cash 1979,
Mattox et al. 1996), which is implemented in the LAT
Science Tools as the gtlike task. Because of calibra-
tion uncertainties at low energies, data were selected with
energies above 200 MeV, with the highest-energy γ−ray
being recorded at ∼ 5 GeV.
On 4 September 2008 (the day of the discovery, Marelli
2008), with the inclusion of all the photons accumulated
over the entire day (net on source time 38 ks), the best fit
position is α = 224◦.55 and δ = −35◦.23 (J2000), with
a 95% error radius of 0◦.48 and detection test statistic
TS = 445 (a 21σ detection, see Mattox et al. 1996 for
the definition of TS). Figure 1 shows the LAT counts
map with the peak of counts consistent with the radio
position of PKS 1454-354. The 95 and 99% contours
of source location probability for 3EG J1500-3509 from
the Third EGRET Catalog (Hartman et al. 1999) are
superimposed, indicating that indeed PKS 1454-354 is
61 http://fermi.gsfc.nasa.gov/ssc/data/analysis/software/
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Fig. 2.— Fermi/LAT unfolded spectra of PKS 1454-354 from
data collected on 4 September 2008 (source ontime 38 ks; filled
squares) and in August 2008 (1-month data set, source ontime
1.1 Ms, filled circles). See the text for details on systematic errors.
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Fig. 3.— Fermi/LAT lightcurve in the 0.2 − 300 GeV energy
band with 6-hours time bins (upper panel) and photon index (lower
panel). Photon indices obtained from the fit with TS < 20 are not
reported. See the text for details on systematic errors.
one contributor to the EGRET source. No indication of
another source inside the EGRET probability contours
is present in the counts map obtained by integrating the
LAT data over the period from 1 August 2008 00:00 UTC
to 1 September 2008 00:00 UTC (net on source time
1.1 Ms; hereafter indicated as the “1-month data”), with
an upper limit of 2× 10−8 ph cm−2 s−1 (90% confidence
level, 0.2− 300 GeV energy band) for PMN J1505-3432,
the other candidate counterpart according to Sowards-
Emmerd et al. (2004). PKS 1454-354 is detected in the
1-month data with a flux (4.5±0.9)×10−8 ph cm−2 s−1,
consistent with the flux of 3EG J1500-3509 reported in
the Third EGRET Catalog (Hartman et al. 1999), sug-
gesting that the FSRQ can be the likely counterpart and
the distortion of the EGRET probability contours is due
to some residual background or to some residual gamma-
ray emission from the source PMN J1505-3432 located at
the boundaries of the EGRET source.
The LAT data of PKS 1454-354 were fitted with a
power-lawmodel for the spectrum (Fig. 2). On 4 Septem-
4 The Fermi/LAT Collaboration
TABLE 1
Summary of the spectral fitting of the Fermi/LAT data. See the text for details on systematic errors.
Time(a) F0.2−300GeV(
b) Fit(c) F0.1−300GeV(
d) TS Notes
4 Sept. 00-24 1.29± 0.15 PL: Γ = 2.0± 0.1 2.58± 0.30 437 Day of the discovery
4 Sept. 00-24 1.25± 0.14 BPL: Γ1 = 1.8± 0.2 446 Day of the discovery
Γ2 = 3.2± 1.2
Eb = 2.3± 1.1 GeV
4 Sept. 06-12 1.74± 0.36 PL: Γ = 2.0± 0.2 3.48± 0.72 141 Outburst peak flux
1− 31 August 0.045± 0.009 PL: Γ = 2.1± 0.1 0.98± 0.09 92 Quiescence
1− 31 August 0.050± 0.010 BPL: Γ1 = 2.2± 0.3 87 Quiescence
Γ2 = 1.9± 0.5
Eb = 1.6± 1.5 GeV
(a) Observation start-stop [UTC].
(b) Flux in the 0.2− 300 GeV energy band [10−6 ph cm−2 s−1].
(c) Spectral shape. PL: power-law model; Γ indicates the photon index given by F (E) ∝ E−Γ. BPL: broken power-law model, Γ1 is
photon index for energies below the break energy Eb and Γ2 is the photon index for energies greater than Eb.
(d) Flux in the 0.1− 300 GeV energy band extrapolated from the 0.2− 300 GeV flux [10−6 ph cm−2 s−1].
ber 2008, the blazar was detected at a flux (1.29±0.15)×
10−6 ph cm−2 s−1 in the 0.2 − 300 GeV energy band,
with a peak of (1.7 ± 0.4) × 10−6 ph cm−2 s−1 be-
tween 06 and 12 UTC. Subsequently, the source was
observed in a slower declining phase reaching a flux
(0.56±0.24)×10−6 ph cm−2 s−1 after about 18−24 hours.
In Fig. 3 (upper panel) we present the corresponding
gamma-ray light curve integrated over 6-hour time bins
between 3 September 00 UT to 6 September 2008 00 UT
(MJD 54712 - 54715).
The photon index Γ, defined as F (E) ∝ E−Γ, averaged
over the day, is 2.0±0.1 and it remains constant through
the flare (see Fig. 3, lower panel).
Fitting the data with a broken power-law model, does
not improve the fit quality implying that no break is de-
tected in the energy range 0.2− 5 GeV (see Fig. 2). The
results of the LAT analysis are summarized in Table 1.
The quoted errors are just statistical ones. The system-
atic errors should be added. According to the studies on
the Vela Pulsar (Abdo et al. 2008), our current conser-
vative estimates of systematic errors are < 30% for flux
measurements and 0.1 for the photon index. Significant
reduction of such systematic uncertainties is expected
once the calibration of the LAT instrument will be com-
pleted.
The results of the LAT spectral analysis were con-
firmed with two additional independent methods: the
first one uses a spectrum unfolding based on the Bayes’
theorem (D’Agostini 1995), while the second one uses the
nested HEALpix (Go´rski et al. 2005).
2.2. Swift
PKS 1454-354 was observed by Swift on 7 Septem-
ber 2008 at 11:50 UTC (ObsID 00036799003, expo-
sure 1.5 ks). Another observation performed on 1 Jan-
uary 2008 at 00:16 UTC (ObsID 00036799001, exposure
9.0 ks) is available in the archive. The data from the
hard X-ray detector BAT (Barthelmy et al. 2005), the
X-ray telescope XRT (Burrows et al. 2005) and the op-
tical/ultraviolet monitor UVOT (Roming et al. 2005)
were processed and analyzed with HEASOFT v 6.5 and
the calibration database updated on 31 July 2008. The
results are summarized in Table 2.
The source is not detected by the BAT instrument,
even after summing the two observations (exposure
11 ks). The upper limit (3σ) is 6 × 10−10 erg cm−2 s−1
in the 20-100 keV band. This is not surprising given the
low exposure.
XRT operated in photon-counting mode. Its data
were processed with the xrtpipeline task using stan-
dard parameters and selecting single to quadruple pixel
events (grades 0-12). The output spectra were rebinned
to have at least 20 counts per energy bin. The X-
ray spectrum measured on 7 September is best fitted
(χ2 = 1.3, dof= 1) with a power law model with a
photon index Γ = 2.0 ± 0.5 with Galactic absorption
(NH = 6.46 × 10
20 cm−2, Kalberla et al. 2005). We
note the very low statistics, which do not allow to put
tight constraints, particularly in the photon index. The
flux in the 0.2-10 keV energy band was (2.2 ± 0.2) ×
10−12 erg cm−2 s−1, significantly higher than the value
of (8.9± 0.9)× 10−13 erg cm−2 s−1 measured during the
observation performed on 1 January, indicating that the
blazar was still active three days after the γ−ray outburst
detected by LAT. The photon indices of the two obser-
vations are, however, consistent within the measurement
errors (Γ = 2.0± 0.3 on 1 January).
UVOT snapshots with all the six available filters, v
(5468 A˚), b (4392 A˚), u (3465 A˚), uvw1 (2600 A˚),
uvm2 (2246 A˚), uvw2 (1928 A˚), taken during the
obsID 00036799003 observation were integrated with
the uvotimsum task and then analyzed by using the
uvotsource task, with a source region radius of 5′′ for
the optical filters and 10′′ for the UV, while the back-
ground was extracted from an annular region centered
on the blazar, with external radius of 25′′ and inter-
nal radius of 7′′ for the optical filters and 12′′ for the
UV. It was not possible to select a larger external ra-
dius because of nearby sources. The observed magni-
tudes were mv = 16.79± 0.09, mb = 17.58± 0.06, mu =
16.79± 0.05, muvw1 = 17.11± 0.08, muvm2 = 17.3± 0.2,
muvw2 = 18.0 ± 0.1. These values were dereddened ac-
cording to the extinction laws of Cardelli et al. (1989)
with AV = 0.34 and then converted into flux densities ac-
cording to the standard formulae and zeropoints (Poole
et al. 2008). During the observation of 1 January only
one filter (uvm2) was available and the measured magni-
tude was 18.37±0.05, about one magnitude greater than
the value measured on 7 September.
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TABLE 2
Summary of the Swift data. See the text for details.
BAT
ObsID Exposure Flux20−100keV
[ks] [10−10 erg cm−2 s−1]
00036799001/3 (sum) 11 < 6.0
XRT
ObsID Exposure NH Γ Flux0.2−10keV χ
2/dof
[ks] [1020 cm−2] [10−12 erg cm−2 s−1]
00036799001 9.0 6.46 2.0± 0.3 0.89± 0.09 8.0/6
00036799003 1.5 6.46 2.0± 0.5 2.2± 0.2 1.3/1
UVOT
ObsID v b u uvw1 uvm2 uvw2
[5468 A˚] [4392 A˚] [3465 A˚] [2600 A˚] [2246 A˚] [1928 A˚]
00036799001 18.37± 0.05
00036799001 16.79± 0.09 17.58± 0.06 16.79± 0.05 17.11 ± 0.08 17.3± 0.2 18.0± 0.1
2.3. Ground-based Optical Observations
Optical observations in Johnson R and B filters were
obtained on 6 September at 17:44 UTC and 7 September
at 18:30 UTC with the 0.8 m optical telescope ATOM in
Namibia. ATOM is operated robotically and obtains au-
tomatic observations of confirmed or potential gamma-
bright blazars. Data analysis (de-biassing, flatfielding,
photometry using SExtractor, Bertin & Arnouts, 1996)
is conducted automatically. PKS 1454-354 does not ap-
pear to be spatially extended beyond the point-spread
function and no corrections for potential contributions
from the host galaxy were performed. Absolute pho-
tometry was obtained using non-variable field stars in
photometric nights using several calibration stars. The
observed magnitudes are: B = 17.01 ± 0.02 and R =
16.46 ± 0.02 on 6 September, and B = 16.83 ± 0.02
and R = 16.53± 0.02 on 7 September. The magnitudes
were then corrected for galactic extinction using the same
methods outlined above for Swift/UVOT and converted
in fluxes using standard formulae and zeropoints. Com-
parison with Swift/UVOT data indicates some intraday
variability.
2.4. Radio Observations
Shortly after detecting the high γ−ray flux reported
in this paper, on 13 September 2008, PKS 1454-354 was
observed with the Australia Telescope Compact Array
(ATCA) at 2.368, 4.800, 8.640, 18.496 and 19.520 GHz.
At this time the array was in its H75 configuration, with
a maximum separation between the inner five antennas
of 90 m and the sixth antenna located 4.3 km to the
west. The inner five antennas were located on the main
east-west track and north-south spur, providing instan-
taneous two-dimensional (u, v) coverage.
The ATCA primary calibrator, PKS 1934-638, was ob-
served first and used to calibrate the array at all fre-
quencies over the 128 MHz observing bandwidth. The
data were reduced following the standard procedures
in MIRIAD, and the task uvflux used to fit a point
source model to the data and determine the flux den-
sity and rms scatter about this point. Inspection of the
data confirmed that the point source approximation was
valid at all frequencies. Phase stability was poor on the
long baselines to the sixth antenna, particularly at the
higher frequencies and so this antenna was omitted from
the analysis. The fitted flux densities were 0.76 ± 0.08,
0.77 ± 0.02, 0.87 ± 0.02, 1.23 ± 0.07, 1.28 ± 0.08 Jy at
2.368, 4.800, 8.640, 18.496 and 19.520 GHz, respectively.
The quoted errors are statistical: in addition there is
a systematic error of about 2% (see, e.g., Tingay et al.
2003).
These values can be compared with cataloged flux den-
sities for this source. PKS 1454-354 was included in the
AT20G Bright Source Survey (Massardi et al. 2008) with
a flux density at 19.904 GHz of 0.90±0.05 Jy determined
from an observation in May 2007, indicating the source
had brightened by 40% by September 2008. The PMN
survey (Wright et al. 1996) recorded a flux density of
0.566± 0.041 Jy at 4.85 GHz in November 1990. It can
be concluded that, at the time of the γ−ray outburst,
PKS 1454-354 was in a comparatively bright radio state
showing an inverted spectrum, which can be interpreted
as the indication of an enhanced ongoing radio activ-
ity. Single dish radio flux-density monitoring observa-
tions are ongoing at the Ceduna 30 m telescope and will
be reported elsewhere.
Fig. 4 shows VLBI images of PKS 1454-354 at a
frequency of 8.4 GHz. These data were obtained on
10 November 2007, as part of the TANAMI program
(Tracking AGN with Austral Millarcsecond Interferom-
etry; Ojha et al. 2008) with the Australian Long Base-
line Array consisting of telescopes at Parkes, Narrabri,
Mopra, Hobart, Ceduna (all in Australia) and Harte-
beesthoek (South Africa). The data were correlated us-
ing the DiFX software correlator (Deller et al. 2007) at
the Swinburne University of Technology. Details of these
telescopes as well as the data calibration path are de-
scribed in Ojha et al. (2005). The approximate position
angle of the diffuse jet is ∼ 300◦. The correlated flux den-
sity of the milliarcsecond-scale core-jet structure is about
a factor of 2 below the (non-simultaneous) total flux den-
sity at 8.64 GHz measured by ATCA in September 2008:
∼ 415 mJy, of which more than 95% is contained within
the compact core, i.e., on scales smaller than 0.75 mas
(the full width at half maximum of the minor axis of the
beam). Model fitting the core with an elliptical Gaus-
sian function results in a model component with 400 mJy
and a size of 0.26× 0.17 mas, corresponding to a bright-
ness temperature limit of TB = 1.6 × 10
11 K. These are
the first published VLBI images of PKS 1454-354 at this
angular resolution and dynamic range. The only other
radio structural information on these scales comes from
the VCS3 program (Petrov et al. 2005) carried out in
May 2004 and showing no structure at 8.4 GHz and a
jet to the west-northwest at 2.3 GHz consistent with the
morphology that we find at 8.4 GHz. Petrov et al. (2005)
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Fig. 4.— VLBI images of PKS 1454-354 at 8.4 GHz. The left panel shows the naturally weighted image and the right panel the tapered
image obtained from imaging the final calibrated data with down-weighted visibilities of long baselines (10% at 100 million wavelengths) to
increase the signal-to-noise ratio of the low-surface-brightness jet. The jet extends to ∼ 50 mas to the west-northwest. Both images have
a rms noise of ∼ 0.08 mJy/beam and the lowest contour is at 3.7 and 3.8 times the rms noise, respectively. The restoring beam is shown
on bottom left of each image (2.87 × 0.75 mas at 4◦; 4.9 × 3.7 mas at −60◦). These data were obtained on 10 November 2007, as part of
the TANAMI program (Tracking AGN with Austral Milliarcsecond Interferometry; Ojha et al. 2008) with six elements of the Australian
South-African LBA (Long Baseline Array). See the text for details.
report 0.51 Jy at both 2.3 and 8.4 GHz, and unresolved
components of 0.38 and 0.21 Jy respectively.
3. DISCUSSION OF THE SED
In Fig. 5 we report the spectral energy distribu-
tion (SED) built with archival data together with
Fermi/LAT, Swift, ATCA and ATOM data analyzed in
the present work. Two different states are shown for
γ−rays (LAT): the quiescence value, measured from the
1-month data set, and the active state, obtained from the
data collected on 4 September, the day of the discovery.
A change in flux during the flare of more than one order
of magnitude is evident.
Fluxes at X-rays, ultraviolet, optical and radio frequen-
cies are higher than those of the archival data, although
the Swift observation was performed on 7 September and
ATCA measurements were done on 13 September. This
confirms that PKS 1454-354 was still active at all the
wavelengths several days after the γ−ray flare observed
by LAT. It is worth noting the absence of significant spec-
tral changes in the X- and γ−ray bands, but given the
low statistics, we cannot exclude the presence of spectral
variations on short time scales. However, at radio fre-
quencies, there was an inversion of the spectral index α,
defined as Sν ∝ ν
−α. The value calculated from archival
data is positive (α8.4GHz1.4GHz = 0.040, Sowards-Emmerd et
al. 2004; α8.6GHz1.4GHz = 0.054, Healey et al. 2007; with an
error of about 7% in both cases) and becomes negative
during the outburst (α8.640GHz2.368GHz = −0.10 ± 0.01). This
can be interpreted as the signature of the emission of a
relativistic plasma blob.
In order to investigate the SED characteristics and
compare with larger samples of similar objects, 2-point
spectral indices have been calculated according to the
formula of Ledden & O’Dell (1985). We used radio data
at 4.8 GHz, optical data at λ = 3465 A˚(Swift/UVOT u
filter, to minimize the contribution of the host galaxy)
and X-rays at 1 keV. From ATCA radio measure-
ments of 13 September, optical/UV observations from
Swift/UVOT and X-rays from Swift/XRT collected on
7 September, we calculated αr = −0.1, αo = 1.85 and
αx = 1.0, respectively. Then, the flux densities have
been K-corrected by the multiplicative factor (1+z)α−1.
Finally, we obtain the following values: αox = 1.11,
αro = 0.49, αrx = 0.69.
These values, particularly αro < 0.5, seem to suggest
that this FSRQ belongs to the class of high-frequency
peaked FSRQ (HFSRQ) conjectured by Padovani et al.
(2003), which have the synchrotron emission peaked at
UV/soft X-rays. However, the shape of the SED, specifi-
cally the strong change in spectral index between optical
and X-ray frequencies (αo = 1.85 and αx = 1.0), clearly
rules out this possibility.
Instead, our 2-point spectral indices are very similar
to those of X-ray selected FSRQ analyzed in Maraschi et
al. (2008), where, in addition to the usual non-thermal
model of blazars (synchrotron self-Compton, SSC, plus
external Compton, EC), there is a component due to the
X-ray corona above the accretion disk (for the disk-jet
connection in FSRQ see also Grandi & Palumbo 2004,
Sambruna et al. 2007). The moderately high value of
αox, together with a soft X-ray spectrum (αx = 1), sug-
gests the presence of a corona, which is best observed
when the source is in quiescence and the jet contribution
is low. The contrary occurs during γ−ray flares, due
to the dominance of the jet emission over the corona.
In this case, the X-ray spectrum should become harder
(αx < 1), but the measured X-ray photon index has a
large error (Γ = 2.0± 0.5) and, although consistent with
this hypothesis, it is not conclusive.
To support this hypothesis, we calculate some order-
of-magnitude values for the physical parameters and we
refer to Maraschi et al. (2008) for more details. These
authors found that αox is correlated with the viewing
angle and, therefore, is anticorrelated with the Doppler
factor (δ). Taking advantage of such correlation, we
can estimate a value of δ = 15 − 20, which in turn al-
lows us to calculate the size of the emitting region in
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the source frame R′. According to the well-known for-
mula R′ < c∆tδ/(1 + z), the emitting region must be
smaller than R′ . 1016 cm during the rise of the γ−ray
flare, whose timescale is estimated to be ≈ 12 hours (see
Fig. 3). The longer timescale during the declining part
of the flare suggests a larger emitting region, meaning
that the electrons escaped from the processing region,
resulting in a decrease of the jet power. A similar ef-
fect can be obtained decreasing the density of seed pho-
tons, but in this case we expected a change in the optical
emission too, disentangled from the synchrotron emis-
sion. However, the coordinated increase of the whole syn-
chrotron hump, from radio to optical frequencies, makes
the change in the injected power the most likely expla-
nation for the observed variability.
The jet-frame radiation energy density can be esti-
mated by the energy density of the broad-line region
(BLR) according to the formula Urad ∼ UBLRδ
2 (given
that the Doppler factor is almost equal to the bulk
Lorentz factor). Since the BLR luminosity is assumed
to be about 10% of Ldisk (∼ 4 × 10
46 erg s−1 in our
case), the size of BLR can be calculated as RBLR ∼
1017
√
Ldisk,45 = 6×10
17 cm, where Ldisk,45 is the disk lu-
minosity in units of 1045 erg s−1. Then, the BLR energy
density is UBLR = LBLR/(4picR
2
BLR) = 0.029 erg cm
−3.
The corresponding total radiation energy density in the
jet-frame is therefore Urad ∼ 6− 12 erg cm
−3, depending
on the value of δ, which, in turn, results in a peak elec-
tron Lorentz factor of the order of γpeak ∼ 100 − 1000.
These values are close to the parameters obtained with
a more detailed modeling of similar FSRQ reported in
Maraschi et al. (2008).
The large errors, particularly in the X-ray photon in-
dex, leave open different possibilities, involving one or
two SSC components (e.g. Ballo et al. 2002, Giommi
et al. 2008). In addition, flat X-ray spectra from blazar
jets may possibly be a signature of pair cascades (e.g.,
Svensson 1987, Mu¨cke et al. 2003, Bo¨ttcher et al. 2008).
4. FINAL REMARKS
We have reported the discovery by Fermi/LAT of
γ−ray emission from the FSRQ PKS 1454-354. LAT
data showed flux variability on 6 to 12 hours timescale,
but with negligible spectral changes. The blazar
is positionally consistent with the unidentified source
3EG J1500-3509 and, therefore, it is likely to be the
EGRET source counterpart. The increased activity mea-
sured at radio, optical, ultraviolet and X-ray frequencies
in the days following the γ−ray outburst strengthens the
identification of PKS 1454-354 as a high-energy γ−ray
source.
The analysis of the SED and some order-of-magnitude
calculations suggest that PKS 1454-354 is a typical
FSRQ, although the large measurement errors hampered
our capability to put tight constraints on the origin of
the X-ray emission: the soft X-ray spectrum can be ex-
plained either in terms of SSC or of a corona above the
accretion disk, while the high-energy peak is likely to be
due to external Compton processes. However, other the-
ories (e.g., hadronic models) can also be considered to
explain the observed data.
Further, more precise multiwavelength observations
of PKS 1454-354 and, specifically, a spectral coverage
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Fig. 5.— Spectral Energy Distribution of PKS 1454-354. ATCA
(13 September), ATOM (6 and 7 September), Swift (XRT and
UVOT; 7 September) and Fermi (LAT; 4 September) data are
indicated with filled circles (red) and connected with a dashed line
for a better visualization. Fermi/LAT data of August and Swift
(XRT and UVOT) observation of 1 January 2008, to which we refer
as “low state”, are indicated with squares (green). Archival data
are marked with filled triangles (black). Radio data: Molonglo,
408 MHz (Large et al. 1981); NVSS, 1.4 GHz (Condon et al. 1998);
Parkes, 4.85 GHz (Wright et al. 1996); CRATES, 8.4 GHz (Healey
et al. 2007); ATCA, 20 GHz (Massardi et al. 2008); SUMSS,
843 MHz (Mauch et al. 2003); VCS3, 2.3 and 8.6 GHz (Petrov
et al. 2005). Optical: USNO B1, B, R, I filters (Monet et al.
2003); Guide Star Catalog II, B and R filters (Lasker et al. 2008).
X-rays: ROSAT Faint Source Catalog, 1 keV (Voges et al. 2000).
Gamma-Rays: EGRET, 400 MeV (Hartman et al. 1999).
at sub-mm, IR and optical frequencies, where the syn-
chrotron peak is expected, will shed further light on the
modeling of this source, allowing a more precise correla-
tion between the synchrotron and γ-ray inverse-Compton
peak in quiet and flaring states, clarifying the astrophys-
ical mechanisms at work in this source.
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